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1

LIGHT EMITTING DEVICE AND METHOD
OF MANUFACTURING LIGHT EMITTING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. patent
application Ser. No. 14/821,369, filed on Aug. 7, 2015,
which claims priority to Japanese Patent Application No.

2014-163124, filed on Aug. 8, 2014, the entireties of which
are hereby incorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a light emitting device
that includes a semiconductor light emitting element and a
resin member provided with an internal wiring, and to a

method of manufacturing the same.
2. Description of the Related Art

Light emitting devices using a semiconductor light emait-
ting element such as a light emitting diode are widely used
because of ease of miniaturization and high light emission
elliciency. The light emitting elements used 1n light emitting
devices can be roughly divided into two types, namely, a
face up type 1n which a surface of a semiconductor light
emitting element for disposing a pad electrode 1s on the
opposite side from the mounting surface, and a face down
type 1 which a surface of a light emitting element for
disposing an electrode 1s a lower surface that faces a
mounting substrate.

In the face up type, a semiconductor light emitting ele-
ment 1s mounted on leads or the like, and the semiconductor
light emitting element and the leads are connected wvia
bonding wires or the like. Accordingly, 1n a plan view of a
semiconductor light emitting element disposed on a mount-
ing substrate—that 1s, seen from a perpendicular direction
relative to the mounting surface of the mounting substrate—
portions ol the wires are needed to be outer side of the
semiconductor light emitting element, which imposes a
limitation in miniaturization of the light emitting element.

On the other hand, 1n the face down type (or tlip chip
type), a pad electrode disposed on a surface of a semicon-
ductor light emitting element and a wiring disposed on a
mounting substrate can be electrically connected via a
connector such as a bump or a metal pillar, which are
positioned within the outer peripheral line of the semicon-
ductor light emitting element in a plan view seen from a
direction perpendicular to the mounting surface of the
mounting substrate. This configuration allows forming of a
CSP (Chip Size Package or Chip Scale Package) in which
the size of a light emitting device (particularly the size 1n a
plan view seen from a direction perpendicular to the mount-
ing surface of the mounting substrate) 1s reduced almost to
the size of the chip of a semiconductor light emitting
clement.

In recent years, in order to achieve further mimiaturiza-
tion, or 1 order to further improve the light emission
clliciency, a face down type light emitting device has been
proposed, in which a growth substrate (a light-transmissive
substrate) such as sapphire has been removed, or the thick-
ness of the growth substrate has been reduced.

The growth substrate 1s a substrate for growing thereon an
n-type semiconductor layer and a p-type semiconductor
layer that are components of a semiconductor light emitting
clement. The growth substrate also exhibits the effect of
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improving the mechanical strength of the light emitting
device by supporting a semiconductor light emitting element

that 1s small 1 thickness and low 1n strength. Accordingly,
in a light emitting device in which the growth substrate i1s
removed or the thickness of the growth substrate 1s reduced
aiter formation of a semiconductor light emitting element,
for example as disclosed 1n JP 2011-249426 A, a resin layer
1s disposed on an electrode side (the side facing the mount-
ing substrate) for supporting a bare chip (1.e., a semicon-
ductor light emitting element), and internal wirings made of
metal pillars or other wirings are formed so as to penetrate
through the resin layer, and the electrode and an external
terminal are electrically connected to each other. With such
a resin layer that includes an internal wiring, suflicient
mechanical strength can be reliably obtained.

In the case where such a light emitting device that has a
resin layer disposed on the electrode side 1s mounted on a
mounting substrate by using an electrically conductive adhe-
stve member, for example using a solder and a reflowing
method, melted solder may be squeezed out from between
the electrode for external connection of the light emitting
device and the wiring pattern of the mounting substrate. In
particular, when the solder i1s excessively supplied, the
solder squeezed out from between the electrode for external
connection of the light emitting device and the wiring
pattern of the mounting substrate may rise along a side
surface of the resin layer. The solder that rises up the side
surface of the resin layer may cause bonding defects
between the light emitting device and the mounting sub-
strate, or may contaminate the light extraction surface result-
ing in a reduction in the light extraction efliciency.

SUMMARY

Accordingly, an object of certain embodiments of the
present mvention 1s to provide a light emitting device with
which the amount of adhesive (such as melted solder) that 1s
squeezed out during mounting 1s reduced, and highly reli-
able mounting can be achieved, and a method of manufac-
turing the same.

A light emitting device according to an embodiment of the
present invention includes a semiconductor light emitting
clement that includes a semiconductor stacked-layer body
and an electrode disposed on one surface of the semicon-
ductor stacked-layer body, a resin member disposed on the
one surface side of the semiconductor stacked-layer body,
and a metal layer disposed in the resin member and electr-
cally connected to the electrode. A recess 1s defined 1n an
upper surface of the resin member, and the metal layer 1s
projected from the upper surface of the resin member, and 1s
disposed to surround at least a portion of the recess.

A method of manufacturing a light emitting device
according to an embodiment of the present mnvention 1s a
method of manufacturing a light emitting device that
includes a semiconductor light emitting element which
includes a semiconductor stacked-layer body and an elec-
trode disposed on one surface of the semiconductor stacked-
layer body. The method includes a step of providing a wafer
having a plurality of light emitting elements arranged in
arrays, each light emitting element provided with the semi-
conductor stacked-layer body having an n-type semiconduc-
tor layer and a p-type semiconductor layer being stacked, a
step difference formed by removing a portion of the semi-
conductor stacked-layer body from a predetermined region
of an upper surface of the p-type semiconductor layer in a
thickness direction to expose the n-type semiconductor
layer, a step of forming a resin member comprising defining
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a recess by applying a liquid resin material to a one surface
side of the semiconductor stacked-layer body to form a
recess corresponding to a shape of the step difference 1n a
surface of the applied resin material, and defining an open-
ing 1 a portion ol a surface region of the applied resin
material above the electrode so that the opening at least
partially surround the recess 1n a plan view, a step of forming,
a metal layer by filling the opening with a metal material so
as to project further than an upper surface of the resin
member, and singulating the wafer into a plurality of the
semiconductor light emitting elements by cutting the water
along boundary lines among the semiconductor light emat-
ting elements.

With the light emitting device according to certain
embodiments of the present invention, at the time of mount-
ing, excessive adhesive can be held in the recess of the resin
member and the space formed by the upper portion of the
metal layer that 1s projecting from the resin member so as to
at least partially surround the recess portion. Therefore, the
amount of solder squeezed out from the arrangement region
of the metal layer that is the mounting surface can be
reduced. As a result, highly reliable mounting can be real-
ized. Further, with the method of manufacturing a light
emitting device according to certain embodiments of the
present invention, the above-described light emitting device
provided with the recess in the resin member and the space
defined by the upper portion of the metal layer which
surrounds at least a portion of the recess can be manufac-
tured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic diagrams showing a
structure of a light emitting device according to an embodi-
ment of the present invention, mn which FIG. 1A 1s a
perspective view and FIG. 1B 1s a plan view.

FIGS. 2A and 2B are schematic diagrams showing a
structure of a light emitting device according to an embodi-
ment of the present invention, i which FIG. 2A 1s a
cross-sectional view taken along line II-1I in FIG. 1B, and
FIG. 2B 1s a cross-sectional view taken along line m FIG.
1B.

FIGS. 3A and 3B are schematic diagrams showing a
structure of a light emitting device according to an embodi-
ment of the present invention, n which FIG. 3A 1s a
cross-sectional view taken along line IV-1V 1n FIG. 1B, and
FIG. 3B is a cross-sectional view taken along line V-V 1n
FIG. 1B.

FIG. 4 1s a schematic diagram showing a structure of a
light emitting device according to an embodiment of the
present invention, showing a cross-sectional view taken
along line I-I 1n FIG. 1B.

FIGS. 5A and 5B are schematic plan views showing a
layer structure of a light emitting device according to an
embodiment of the present invention, in which FIG. SA
shows an arrangement region of a p-type semiconductor
layer and a cover electrode, and FIG. 5B shows an arrange-
ment region ol a light-reflecting electrode.

FIGS. 6 A and 6B are schematic plan views showing a
layer structure of a light emitting device according to an
embodiment of the present invention, in which FIG. 6A
shows an arrangement region of an mnsulating film, and FIG.
6B shows an arrangement region of an n-side electrode and
a p-side electrode.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 7 1s a schematic plan view showing a layer structure
of a light emitting device according to an embodiment of the

present invention, showing an arrangement region of a resin
member and a metal layer.

FIG. 8 15 a schematic diagram for illustrating mounting of
a light emitting device according to an embodiment of the
present invention on a mounting substrate, showing a cross-
sectional view taken along line V-V 1n FIG. 1B.

FIG. 9 1s a flowchart showing a flow of a method of
manufacturing a light emitting device according to an
embodiment of the present invention.

FIGS. 10A to 10E are schematic cross-sectional views
showing a portion of steps of manufacturing a light emitting
device according to an embodiment of the present invention,
in which FIG. 10A illustrates forming a semiconductor
stacked-layer body, FIG. 10B illustrates forming a light-
reflecting electrode, FIG. 10C illustrates forming a cover
clectrode, FIG. 10D illustrates exposing a n-type semicon-
ductor layer, and FIG. 10E illustrates forming an insulating
{1lm.

FIGS. 11A and 11B are schematic diagrams showing a
step of forming a pad electrode 1n manufacturing of a light
emitting device according to an embodiment of the present
invention, 1n which FIG. 11A 1s a plan view, and FIG. 11B
1s a cross-sectional view taken along line I-I in FIG. 11A.

FIGS. 12A and 12B are schematic diagrams showing a
step of forming a mask 1n manufacturing of a light emitting
device according to an embodiment of the present invention,
in which FIG. 12A 1s a plan view, and FIG. 12B 1s a

cross-sectional view taken along line I-I in FIG. 12A.

FIGS. 13A and 13B are schematic cross-sectional views
showing a step of forming a resin member 1n manufacturing,
of a light emitting device according to an embodiment of the
present invention, in which FIG. 13A shows a sub-step of
coating, and FIG. 13B shows a sub-step of exposing and
developing.

FIGS. 14A and 14B are schematic cross-sectional views
showing portion of steps of manufacturing a light emitting
device according to an embodiment of the present invention,
in which FIG. 14A shows a step of forming a metal layer,
and FIG. 14B shows a step of removing a mask.

FIGS. 15A and 15B are schematic diagrams showing a
step of separating a pad electrode in manufacturing of a light
emitting device according to an embodiment of the present
invention, 1n which FIG. 15A 1s a plan view, and FIG. 15B
1s a cross-sectional view taken along line I-I 1n FIG. 15A.

FIG. 16 1s a schematic cross-sectional view illustrating
removing a growth substrate in manufacturing of a light
emitting device according to an embodiment of the present
ivention.

FIGS. 17A and 17B are schematic diagrams showing a
structure of a light emitting device according to a variation
of an embodiment of the present invention, in which FIG.
17A 15 a perspective view, and FIG. 17B 1s a cross-sectional

view taken along line VI-VI i FIG. 17A.

DETAILED DESCRIPTION

A light emitting device and a method of manufacturing
the same according to embodiments of the present invention
will be described below. Note that, because the drawings
referred to in the following description schematically show
the present invention, the scale, intervals, or positional
relationship of the constituent elements may be exaggerated,
or portions of the constituent elements may not be shown.
Also, the sizes and/or intervals of the constituent elements
may not be the same among corresponding perspective, plan
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view, and cross-sectional views. Also, in the following
description, the same designations or the same reference
numerals denote the same or similar members, and detailed
descriptions thereol may be appropriately omitted.

Further, in connection with the light emitting device
according to embodiments of the present invention, the
terms such as “top/upper”, “bottomv/lower”, “left”, and
“right”, may be replaced by one another according to the
situation. In the present specification, the terms such as
“top/upper” and “bottom/lower” are used to illustrate a
relative positional relationship between the components
illustrated in the accompanying drawings and are not
intended to specily absolute positions unless otherwise
stated.

Structure of Light Emitting Device

First, with reference to FIG. 1A to FIG. 7, a structure of
a light emitting device according to an embodiment of the
present mvention will be described.

Cross-sectional views of FIG. 2A to FIG. 3B respectively
schematically show the cross sections taken along line II-1I
to line V-V 1n a plan view of FIG. 1B, while maintaining
relative scale 1n the plan view. The cross-sectional view of
FIG. 4 schematically shows the cross section taken along
line I-I 1n the plan view of FIG. 1B. Positions Al to A6 on
line I-I mn FIG. 1B correspond to positions Al to A6
indicated by arrows in FIG. 2A to FIG. 4. The cross section
taken along line 1s the same cross section taken along a line
connecting between position Al and position A6. Thus, the
cross-sectional view shown 1n FIG. 4 1s formed by combin-
ing the cross sections of FIG. 2A to FIG. 3B as appropriate.
Further, 1n order to show the substantial portion of the
cross-sectional structure, the relative scale in the cross-
sectional view of FIG. 4 1s partially reduced from the

relative scale (the widths of members) 1n the plan view of
FI1G. 1B. That 1s, the relative scale 1s not 1dentical between
FIG. 4 and FIG. 1B. Further, the cross-sectional views of
FIG. 10A to FIG. 16 for illustrating the steps of manufac-
turing also respectively correspond to the cross section taken
along line I-I in the plan view of FIG. 1B, as a same manner
in FIG. 4, unless otherwise stated. Further, in FIG. 5A to
FIG. 7, 1 order to illustrate the stacked layer structure of a
light emitting device 100 according to the present embodi-
ment, the arrangement region of each layer 1n a plan view 1s
shown by hatching or shading.

As shown 1n FIG. 1A to FIG. 7, the outer shape of the light
emitting device 100 according to the present embodiment 1s
approximately rectangular parallelepiped-shaped. The light
emitting device 100 1s a CSP that includes a structure that
includes a semiconductor light emitting element 1 with an
LED (light emitting diode) structure from which a growth
substrate has been removed (hereinafter referred to as the
“light emitting element” as appropriate), and a support body
2 disposed on the one surface side of the light emitting
clement 1. Although the details will be 1llustrated below, the
light emitting device 100 1s a WCSP formed at a water level
(a CSP obtained by water level processing).

On the one surface (the upper surface 1n FIG. 2A to FIG.
4) side of the light emitting element 1, an n-side electrode 13
and a p-side electrode 15 are disposed, and the support body
2 made of a resin member 21 1s disposed. Further, 1n the
resin member 21, as internal wirings, a metal layer (an n-side
metal layer) 312 and a metal layer (a p-side metal layer) 31p
are disposed. The metal layer 31# 1s electrically connected
to the n-side electrode 13, and the metal layer 31p 1s
clectrically connected to the p-side electrode 135. The upper
surface of each of the metal layers 31z and 31p exposed
from the resin member 21 serves as the mounting surface for
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clectrically connecting to the outside. The lower surface side
of the light emitting element 1 serves as the light extraction
surface. Further, the resin member 21 defines bowl-like
recesses 21c at three locations 1n the upper surface, and 1s
provided with a step difference 215 at a lower end side of the
outer side surface, such that the lower outer edge 1s inward
of the upper outer edge in a plan view. Also, the upper
portion of each of the metal layers 31z and 31p are projected
further than the upper surface of the resin member 21. Still
turther, the upper portion of each of the metal layers 31 and
31p 1s disposed to surround, in an approximately C-shaped
manner 1n a plan view, one of the recess portions 21¢ formed
at the upper surface of the resin member 21. Accordingly,
recesses 32r and 32p are respectively defined 1n a center of
the upper portions of the approximately C-shaped metal
layers 317 and 31p.

Although a growth substrate 11 (see FIG. 10A) used 1n
forming a semiconductor stacked-layer body 12 has been
removed from the light emitting element 1, the light emitting
clement 1 may include the growth substrate 11 as it 1s or
having its thickness reduced by polishing. Further, on the
back surface side of the semiconductor stacked-layer body
12 from which the growth substrate 11 has been removed, or
on the back surface side of the growth substrate 11, a
phosphor layer which contains a phosphor may be disposed.

Next, each member of the light emitting device 100 will
be described 1n detail below. The light emitting element 1
has a rectangular plate-like shape 1n a plan view, and 1s a
face down type LED chip, 1.e., the n-side electrode 13 and
the p-side electrode 15 are disposed on the one surface side
of the light emitting element 1.

The light emitting element 1 includes the semiconductor
stacked-layer body 12 in which an n-type semiconductor
layer 127 and a p-type semiconductor layer 12p are stacked.
The semiconductor stacked-layer body 12 emits light upon
supplying electric current between the n-side electrode 13
and the p-side electrode 15. Preferably, an active layer 12qa
1s disposed between the n-type semiconductor layer 127 and
the p-type semiconductor layer 12p.

As shown 1n FIGS. 1B, 2A, 3A and 3B, in the semicon-
ductor stacked-layer body 12, regions where the p-type
semiconductor layer 12p and the active layer 12a partially
do not exist, that 1s, regions being recessed 1n the surface of
the p-type semiconductor layer 12p, are formed (such
regions are referred to as “step difference 125). The light
emitting element 1 1s provided with a circular step diflerence
125 at three locations 1n a plan view. The bottom surface of
cach step difference 126 1s defined in the n-type semicon-
ductor layer 127, and through the opening 162 of the
insulating film 15 at a portion of the bottom surface of the
step diflerence 125, the n-type semiconductor layer 127 and
the n-side electrode 13 are electrically connected.

Further, along the outer periphery of the semiconductor
stacked-layer body 12, a step difference 12¢ 1s defined 1n
which the p-type semiconductor layer 12p and the active
layer 12a are not present. The step difference 12c¢ 1s formed
at the boundary region (dicing street) which 1s a region along
a boundary line 40 (see FIG. 10D) of the light emitting
clement 1 1n the water state.

Further, the side surface being the outer edge of the
semiconductor stacked-layer body 12 1n a plan view, that 1s,
the side surface being the outer edge of the n-type semicon-
ductor layer 127, 1s covered by none of the insulating film
16 and the resin member 21. In the step of singulating (S113)
(see FIG. 9) which 1s the final step in the process of
manufacturing the light emitting device 100 1n the watfer
level processing, the semiconductor stacked-layer body 12 1s
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divided, and the surface formed by such division becomes
the side surface being the outer edge m a plan view.
Accordingly, in the singulated light emitting device 100, the
side surface being the outer edge of the semiconductor
stacked-layer body 12 1s exposed.

Further, as shown 1n FIG. 1A to FIG. 3B, on substantially
the entire surface of the upper surface of the p-type semi-
conductor layer 12p of the semiconductor stacked-layer
body 12, a full-surface electrode 14 1n which a light-
reflecting electrode 14a and a cover electrode 146 are
stacked 1s disposed. That 1s, 1n FIG. 5A, a region hatched by
diagonal lines 1s the region where the p-type semiconductor
layer 12p and the cover electrode 145 are disposed. Further,
the light-reflecting electrode 14a has 1ts upper and side
surfaces covered by the cover electrode 145, and as shown
by hatched 1n FIG. 5B 1n a plan view, disposed on an inner
region that 1s mcluded 1n the region where the cover elec-
trode 145 1s disposed.

Further, as shown 1n FIG. 1A to FIG. 4 and FIG. 6A, the
insulating film 16 1s disposed at the upper and side surfaces
of the full-surface electrode 14 and the upper and side
surfaces of the semiconductor stacked-layer body 12 (the
region shaded by dots 1n FIG. 6A). The msulating film 16
has openings 16» at the bottom surface of the step differ-
ences 126, and openings 16p over a portion of the cover
clectrode 14b6. The openings 16» are defined in a circular
shape 1n each of the bottom surfaces of the step differences
126 formed at three portions. Further, the openings 16p are
circularly formed at four locations over the cover electrode
145. Still further, although the msulating film 16 also has an
opening at the bottom surface of the step difference 12¢, the
insulating film 16 may cover the entire upper surface of the
n-type semiconductor layer 12z to the end portion without
having the opening.

Further, as shown in FIG. 1A to FIG. 4 and FIG. 6B, the
p-side electrode 15 being the p-side pad electrode of the light
emitting element 1 1s electrically connected to the cover
clectrode 145 at the openings 16p. The p-side electrode 135
1s formed at the upper surface of the cover electrode 146 on
the lett region 1n FIG. 6B via the insulating film 16. Further,
the p-side electrode 15 1s formed to further extend to portion
of the side and bottom surfaces of the step diflerence 12c¢
(near the center of the upper side in FIG. 6A), via the
insulating film 16. Still further, the n-side electrode 13 being
the n-side pad electrode of the light emitting element 1 1s
clectrically connected to the n-type semiconductor layer 127
at the opemings 16%. The n-side electrode 13 1s formed to
extend to the bottom and side surfaces of the step diflerences
125, to the upper and side surfaces of the cover electrode 145
except for the region where the p-side electrode 15 1is
disposed and the nearby region, and to the side and bottom
surfaces of the step diflerence 12¢, via the insulating film 16,
respectively. That 1s, 1n the light emitting element 1, both the
n-side electrode 13 and the p-side electrode 15 are disposed
on the one surface side of the semiconductor stacked-layer
body 12. Further, in this manner, since the n-side electrode
13 and/or the p-side electrode 15 are widely provided at the
upper and side surfaces of the light emitting element 1, heat
can be effectively transferred to the resin member 21 of the
support body 2, which will be described later. Thus, the heat
releasing property of the light emitting device 100 can be
improved.

For the semiconductor stacked-layer body 12 (the n-type
semiconductor layer 12z, the active layer 12a, and the
p-type semiconductor layer 12p), In.Al;Ga, .. ;N (0=X,
0=<Y, X+Y<1) or the like 1s suitably used. The semiconductor
layers may each have a single-layer structure, or have a
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stacked-layer structure or a superlattice structure made of
layers having different compositions and thicknesses. In
particular, the active layer 12a preferably has a single
quantum well structure or a multiple quantum well structure
which 1s made of stacked layers of thin layers; each can
produce quantum eilect.

The full-surface electrode 14 1s to serve as a current
diffusion layer and a reflective layer, and has a stacked-layer
configuration that includes the light-retlecting electrode 14a
and the cover electrode 145 being stacked. The light-
reflecting electrode 14a 1s disposed so as to cover substan-
tially the entire upper surface of the p-type semiconductor
layer 12p. Further, the cover electrode 145 1s disposed so as
to entirely cover the upper and side surfaces of the light-
reflecting electrode 14a. The light-reflecting electrode 14a 1s
an electrically conductive layer provided so that the current
supplied via the cover electrode 1456 and the p-side electrode
15 disposed on a portion of the upper surface of the cover
clectrode 145 can be diffused evenly over the entire p-type
semiconductor layer 12p. The light-reflecting electrode 14a
has good light retlectivity, and functions also as a light-
reflecting layer so that the light emitted by the light emitting,
element 1 1s reflected 1in a lower direction, 1.e., toward the
light extraction surface.

The light-reflecting electrode 14a may be made of a metal
material having good electrical conductivity and light reflec-
tivity. In particular, as a metal material to exhibit good light
reflectivity in the visible light region, Ag, Al or an alloy
whose main component 1s one or more of those metals can
be suitably used. Further, the light-reflecting electrode 14a
may be made of a single layer of such metal materials, or
may have a stacked-layer of such metal matenals.

Further, the cover electrode 145 1s a barrier layer to
prevent migration of the metal material used for the light-
reflecting electrode 14a. In the case where Ag or an alloy
whose main component 1s Ag that tends to experience
migration 1s used as the light-reflecting electrode 14aq, 1t 1s
preferable to provide the cover electrode 14b. The cover
clectrode 146 may be made of a metal material having good
clectrical conductivity and barrier property, and for example,
Al, Ti, W, Au, or an AlCu alloy may be used. The cover
clectrode 145 may be made of a single layer of such metal
maternals, or may have a stacked-layer of such metal mate-
rials.

The n-side electrode 13 i1s electrically connected to the
n-type semiconductor layer 12 through the three openings
167 defined 1n the 1insulating film 16 at the bottom surface of
the step diflerences 12b. In this manner, with connecting the
n-side electrode 13 to the n-type semiconductor layer 127 at
portions provided in a wide area, the current supplied via the
n-side electrode 13 can be evenly diflused to the n-type
semiconductor layer 12r. Accordingly, the light emission
elliciency can be improved. In a plan view shown in FIG.
1B, for the sake of convenience, the arrangement region of
the cover electrode 1456 1s shown in conformity to the
arrangement region of the p-type semiconductor layer 12p,
but the cover electrode 145 1s disposed slightly inward of the
p-type semiconductor layer 12p. This 1s similar in the
drawings for the steps of manufacturing to be illustrated
below. The p-side electrode 15 1s electrically connected to
the cover electrode 145 at the four openings 16p defined in
the msulating film 16 which 1s disposed on the upper surface
of the cover electrode 145. As shown 1n FIG. 6 A, the metal
layer 312 having an approximately C-shape 1n a plan view
1s disposed on the upper surface of the n-side electrode 13
so as to be electrically connected to the n-side electrode 13.
The metal layer 31p having an approximately C-shape 1n a
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plan view 1s disposed on the upper surface of the p-side
clectrode 15 so as to be electrically connected to the p-side
clectrode 15.

The n-side electrode 13 and the p-side electrode 15 may
be made of a metal matenal. For example, a single metal
such as Ag, Al, N1, Rh, Au, Cu, Ti, Pt, Pd, Mo, Cr, or W or
an alloy whose main component 1s one or more of those
metals can be suitably used. In the case of using an alloy, for
example, an AlS1Cu alloy (ASC) which contains a non-
metal element such as S1 as 1ts composition element may
also be employed. Further, the n-side electrode 13 and the
p-side electrode 15 may be made of a single layer of such
metal materials, or may have a stacked-layer of such metal
materials. The stacked-layer structure may be, for example,
T1/ASC/N1 or TVASC/Pd, 1n order from the semiconductor
stacked-layer body 12 side.

The msulating film 16 1s a coating film having an 1nsu-
lating property and coating the upper and side surfaces of the
semiconductor stacked-layer body 12 and the upper and side
surfaces of the full-surface electrode 14. The mnsulating film
16 functions as the protective film and the antistatic film of
the light emitting element 1. Further, the n-side electrode 13
and the p-side electrode 15 are complementarily formed
over the wide area of the upper surface of the msulating film
16. The msulating film 16 may be made of a metal oxide or
a metal nitride. For example, at least one type of oxide or
nitride selected from the group consisting of Si1, T1, Zr, Nb,
Ta, and Al can be suitably used. Further, the msulating film
16 may be made of at least two types of light-transmissive
dielectrics differing 1n index of refraction being stacked to
form a DBR (Distributed Bragg Reflector) film.

The light emitting element 1 shown 1n FIG. 1A to FIG. 4
1s an example, and the present invention i1s not limited
thereto. The light emitting element 1 has the n-side electrode
13 and the p-side electrode 15 disposed on a first surface side
of the semiconductor stacked-layer body 12; the arrange-
ment region of the step differences 125, the n-side electrode
13 and the p-side electrode 135 can be determined as appro-
priate. Further, the n-type semiconductor layer 127 and the
n-side electrode 13 may be electrically connected to each
other at the step diflerence 12¢, 1n place of or 1n addition to
the step differences 125b.

The support body 2 has a rectangular shape 1n a plan view
which 1s a substantially same shape as the outer shape of the
light emitting element 1, and 1s disposed so as to be bonded
to the surface of the light emitting element 1 where the
n-side electrode 13 and the p-side electrode 15 are arranged.
The support body 2 is a reinforcing member for mechani-
cally supporting the structure of the light emitting element 1
from which the growth substrate 11 (see FIG. 10A) has been
removed. The support body 2 1s structured by the resin
member 21 which includes the metal layers 317 and 31p. In
a plan view, the light emitting device 100 shown in FIG. 1A
to FIG. 4 has the support body 2 enclosed in the light
emitting element 1, but the support body 2 and the light
emitting element 1 may be overlapping with each other, or
the support body 2 may enclose the light emitting element 1.

The resin member 21 1s a base material serving as the
reinforcing member of the light emitting element 1. In a plan
view shown 1n FIG. 1A to FIG. 4 and FIG. 7, the resin
member 21 has a substantially similar shape to the outer
shape of the light emitting element 1 (the region shaded by
dots 1n FI1G. 7), and the resin member 21 1s provided with the
step diflerence 215 at 1ts side surface such that the lower
portion 1s enclosed 1n the upper portion. Further, the resin
member 21 defines three bowl-shaped recesses 21c in its
upper surface, which are the regions above the step differ-
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ences 1256 of the semiconductor stacked-layer body 12. In
the present specification, the term “above” used 1n a posi-
tional relationship indicates a higher position within the
outer periphery of a particular portion. The recesses 21c¢ are
defined corresponding to the shape of the step differences
125, at the time of forming the resin member 21 on the upper
surface of the light emitting element 1. Further, the resin
member 21 defines openings 217 and 21p each made 1n an
approximately C-shape 1n a plan view, and, the metal layers
31z and 31p of internal wirings are disposed penetrating 1n
the thickness direction 1n the openings 21z and 21p. The
metal layers 31» and 31p are disposed to surround at least a
portion of different recesses 21c¢ respectively, that 1s, 1n a
plan view, the metal layers 31z and 31p are each disposed
in an approximately C-shape around respective recesses 21c.
The metal layers 312 and 31p are disposed so that the upper
portions of the metal layers 31», 31p projected from the
upper surface of the resin member 21, that is, the regions
shown by hatched with diagonal lines in FIG. 7 1 a plan
view, are extended on portions of the upper surface of the
resin member 21 that surround the opening edge of the
openings 21z and 21p, that i1s the region represented by
broken lines in the region shown by hatched with diagonal
lines 1n FIG. 7.

The shape of the recesses 21¢ 1s not particularly limited,
and the shape 1n a plan view may be rectangular or polygo-
nal. The width (the diameter 1n the case of a circular shape)
ol the recesses 21c¢ 1n a plan view or the depth at the center
portion thereof 1s not particularly limited, but the width 1s
preferably about 20 um to about 60 um, and the depth at the
center portion thereof 1s preferably about 3 um to about 5
um. Defining the recesses 21c¢ with such a size allows
excessive solder to be eflectively held 1n the recesses 21¢ at
the time of mounting.

Further, the recesses 21c¢ are respectively defined 1n the
regions above the step diflerences 125 of the semiconductor
stacked-layer body 12, so that the load acting on the light
emitting device 100 at the time of mounting the light
emitting device 100 can be prevented from directly acting on
the step differences 12b6. That 1s, the load acting on the
insulating film 16 and n-side electrode 13 that covers the
side surfaces of the step diflerences 126 at the time of
mounting can also be reduced. Accordingly, damage to the
insulating film 16 and the n-side electrode 13 which may
cause, for example, occurrence of leakage current can be
suppressed. As a result, the reliability of the light emitting
device 100 can be improved.

The resin maternial of the resin member 21 may be any
material known in the art. Preferably, a photosensitive
material used as photoresist 1s used. Through the use of a
photosensitive resin material, the resin member 21 can be
patterned by using photolithography method.

Further, 1n order to enhance thermal conductivity, the
resin member 21 may contain a thermally conductive mem-
ber, e.g., granular carbon black or aluminum nitride (AIN).
In order to efliciently extract the light from the light emitting
clement 1 from the lower surface side (the light extraction
surface side), the resin member 21 may contain a light-
reflecting filler, e.g., T10,, S10,, or Al,O;. In the case where
the resin member 21 contains a light-reflecting filler, the
tull-surface electrode 14 of the light emitting element 1 may
be formed using a light-transmissive electrically conductive
material such as indium tin oxide (ITO) or indium zinc oxide
(120).

The lower limit of the thickness of the resin member 21
can be determined so that the resin member 21 has a
suflicient mechanical strength as the reinforcing member of
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the light emitting element 1 in the case where the growth
substrate 11 (see FIG. 10A) has been removed or the
thickness thereof has been reduced. For example, 1n view of
the reinforcing member, the thickness of the resin member
21 1s preferably about 30 um or more, and more preferably
about 90 um or more. The upper limit of the thickness of the
resin member 21 can be determined considering the propor-
tion of the volume of metal 1n the resin member 21 and the
amount of heat generated from the light emitting element 1
to obtain suflicient heat dissipation. For example, about 150
um or less 1s preferable and about 120 um or less 1s more
preferable.

The metal layer (the n-side metal layer) 31» 1s disposed
penetrating the resin member 21 in the thickness direction.
The lower surface of the metal layer 31# 1s connected to the
n-side electrode 13 of the light emitting element 1, and the
upper surface of the metal layer 31# serves as the mounting,
surface for external connection. That 1s, the metal layer 317
1s an n-side internal wiring, and also serves as an n-side
external connection electrode. Further, the upper portion of
the metal layer 317 1s projected from the upper surface of the
resin member 21, and in a plan view, formed nto an
approximately C-shape so as to surround one of the recesses
21c¢ defined 1n the upper surface of the resin member 21.
That 1s, as seen from the upper surface side of the metal layer
317, the recess 21¢ which 1s the recess 32» which 1s defined
by the upper surface of the resin member 21 as a bottom
surface and the upper portion of the metal layer 31» pro-
truding from the resin member 21 as a side wall which at
least partially surround the recess 32z, and the recess 21c
defined in the upper surface of the resin member 21 1is
located in the recess 32x.

The metal layer (the p-side metal layer) 31p 1s disposed
penetrating the resin member 21 in the thickness direction.
The lower surface of the metal layer 31p 1s connected to the
p-side electrode 15 of the light emitting element 1, and the
upper surface of the metal layer 31p serves as the mounting,
surface for external connection. That 1s, the metal layer 31p
1s a p-side internal wiring, and also serves as a p-side
external connection electrode. Further, the upper portion of
the metal layer 31p 1s projected from the upper surface of the
resin member 21, and in a plan view, formed into an
approximately C-shape so as to surround one of the recesses
21c¢ defined 1n the upper surface of the resin member 21.
That 1s, as seen from the upper surface of the metal layer
31p, the recess 32p which 1s defined by the upper surface of
the resin member 21 as a bottom surface and the upper
portion of the metal layer 31p projecting from the resin
member 21 as a side wall which at least partially surround
the recess 32p, and the recess 21c¢ defined in the upper
surface of the resin member 21 1s located 1n the recess 32p.

Further, the upper portions of the metal layers 317 and
31p projecting from the resin member 21 are respectively
arranged 1n an approximately C-shape or an approximately
U-shape 1n a plan view so as to surround the recess 21¢ with
an opening. Thus, with the use of the load perpendicularly
acting on the light emitting device 100 at the time of
mounting the light emitting device 100, an excessive bond-
ing member can be released i the opening direction.
Accordingly, the range of appropriate amount of the bonding,
member supplied in a step of mounting, 1.¢., the allowable
range, can be extended to greater supply amount. Further,
the shape of the recesses 327 and 32p 1n a plan view 1s not
limited to a shape with a single opening such as an approxi-
mately C-shape or an approximately U-shape and a shape
with two or more openings can also be employed.
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The diflerence 1n height between the upper surfaces of the
metal layers 317 and 31p and the upper surface of the resin
member defining the opening edge of the recess 21¢ of the
resin member 21, that 1s, the depth of the recesses 327 and
32p of the metal layers 317 and 31p as seen from the upper
surface of the metal layers 31» and 31p 1s preferably about
5 um to about 50 um, and more preferably about 10 um to
about 45 um. Thus, during the mounting process, excessive
solder can be eflectively kept 1n the recess portions 327 and
32p.

Further, 1n the present embodiment, the upper surfaces of
the metal layers 31» and 31p are respectively formed to be
flat, but 1s not limited thereto, the upper surfaces may be
formed with recesses and projections. In the case where the
upper surfaces of the metal layers 317 and 31p are formed
with recesses and projections, the height from the upper
surface of the resin member 21 to the top of the projections
1s preferably within the range described above.

Further, 1n the example shown in FIG. 1B, the metal
layers 317 and 31p are respectively formed in an approxi-
mately C-shape with an opening (the right side in FIG. 1B)
in a plan view to surround the recess 21¢ of the resin member
21, but 1t 1s not limited thereto. The metal layers 312 and 31p
may have, 1n a plan view, a shape with two or more openings
that surrounds the recess 21c¢. Alternatively, the upper por-
tions of the metal layers 31z and 31p may be formed to
surround the recess portion 21¢ without the opening.

Further, the metal layers 317 and 31p also function as the
heat transferring paths for releasing the heat generated by
the light emitting element 1. Accordingly, the proportion of
the volume of metal with respect to the resin member 21 1s
preferably greater.

The metal layers 31z and 31p may be suitably made of a
metal such as Cu, Au, Al or the like. The metal layers 31
and 31p may also have a stacked-layer structure using a
plurality of types of metal. Particularly, the uppermost
surfaces of the metal layers 31z, 31p that serve as the
mounting surface are preferably made of Au so as to prevent
corrosion and to enhance the bonding with the mounting
substrate, via an Au alloy-based adhesive member such as an
Au—Sn eutectic solder. Further, 1in the case where the lower
layer portions of the metal layers 317 and 31p are made of
a metal other than Au, e.g., Cu or Al, the upper layer portion
may have a stacked-layer structure such as Ni/Au or N1/Pd/
Au, 1 order to improve adhesion to Au. Further, a solder
such as Sn—Cu or Sn—Ag—Cu can be employed as the
adhesive member. In this case, the uppermost layers of the
metal layers 317 and 31p are preferably made of a material
which allows for good adhesion to the adhesive material that
1s used. The metal layers 31z and 31p can be formed by
using an electroplating method. The method of forming the
metal layers 317 and 31p will be described in detail below.

Mounting of Light Emitting Device

Next, with reference to FIG. 8, a description will be given
of preventing a solder from being squeezed out when the
light emitting device 100 1s mounted on the mounting
substrate. FIG. 8 shows a cross section of the light emitting
device 100 taken along line V-V 1n FIG. 1B, that 1s, FIG. 8
shows a cross section of the n-side mounting surface shown
in FI1G. 3B. The configuration of the p-side mounting surface
(a cross section taken along line IV-1V 1 FIG. 1B) of the
light emitting device 100 1s similar to that of the n-side
mounting surface, so that the description thereof will be
appropriately omaitted.

As shown 1 FIG. 8, the light emitting device 100 1is
mounted 1 a face down manner, so that the mounting
surface of a mounting substrate 91 provided with a wiring
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pattern 92 and the surface provided with the support body 2;
that 1s, the surfaces of the metal layers 31% and 31p exposed
outside the resin member 21, are facing each other. Thus, the
light emitting device 100 in FIG. 8 i1s upside-down as
compared to FIG. 3B. The light emitting device 100 1is
mounted on the mounting substrate 91 by using a reflow
method, using an adhesive member 93 such as an Au—=Sn
cutectic solder.

In the step of mounting, the adhesive member 93 that has
already been applied between the metal layer 31» and the
wiring pattern 92 i1s melted, and then allowed to cool. Thus,
the metal layer 31» and the wiring pattern 92 are strongly
bonded to each other.

In this step, when the adhesive member 93 1s melted and
1s 1n a liquud state, an excessive adhesive member 93 may be
squeezed out from between the metal layer 31z and the
wiring pattern 92. A large portion of the squeezed out
excessive adhesive member 93 can be held 1n the recess 32
of the metal layer 31# that serves as the external connection
electrode, and further held in the recess 21¢ of the resin
member 21, thus allowing a reduction 1n the amount of the
adhesive member 93 squeezed out beyond the outer edge of
the region where the metal layer 31# 1s arranged 1n a plan
view. Accordingly, the adhesive member 93 can be pre-
vented from rising along the side surface of the resin
member 21. As a result, the light emitting device 100 can be
mounted on the mounting substrate 91 with high reliability.

Further, the step diflerence 215 formed at the side surfaces
of the resin member 21 increases the distance along the
surfaces from the lower end of the resin member 21 (upper
end 1n FIG. 3B) to the light emitting element 1. Also, the
adhesive member 93 1s retained 1n the step diflerence 215.
Thus, the adhesive member 93 rises along the side surfaces
of the resin member 21 can be prevented from easily
reaching the light emitting element 1. The distance between
the upper side surface and the lower side surface of the step
difference 215 1n a plan view (the difference 1n the positions
of the side surfaces 1n a lateral direction in FIG. 8) 1s
preferably about 1 um to about 10 um, and more preferably
about 3 um to about 6 um. With this arrangement, the rising
of the solder can be more eflectively blocked.

Operation of Light Emitting Device

Next, with reference to FIG. 1A to FIG. 4 and FIG. 8,
operation of the light emitting device 100 will be described.
In the light emitting device 100, upon connecting the metal
layers 317 and 31p, which are electrodes for external con-
nection, to an external power supply via the mounting
substrate 91, the current 1s supplied between the n-side
clectrode 13 and the p-side electrode 135 of the light emitting
clement 1. Then, upon being supplied with the current
between the n-side electrode 13 and the p-side electrode 15,
the active layer 12a of the light emitting element 1 emits
light.

The light emitted by the active layer 12a of the light
emitting element 1 propagates inside the semiconductor
stacked-layer body 12, and 1s emitted from the lower surface
(the upper surface 1n FIG. 8) or the side surfaces of the light
emitting element 1, which 1s then extracted to the outside.
The light that propagates in the upward direction (the
downward direction 1n FIG. 8) inside the light emitting
clement 1 1s reflected by the light-retlecting electrode 14a,
and 1s emitted from the lower surface (the upper surface 1n
FIG. 8) of the light emitting element 1, which i1s then
extracted to the outside.

Method of Manufacturing Light Emitting Device

Next, with reference to FIG. 9, a method of manufacturing
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will be described. As shown in FIG. 9, the method of
manufacturing the light emitting device 100 includes a step
of forming a semiconductor stacked-layer body (S101), a
step of forming a light-reflecting electrode (S102), a step of
forming a cover electrode (S103), a step of exposing an
n-type semiconductor layer (5104), a step of forming an
insulating film (S103), a step of forming a pad electrode
(5106), a step of forming a mask (S107), a step of forming
a resin member (S108), a step of forming a metal layer
(5109), a step of removing the mask (5110), a step of
separating a pad electrode (S111), a step of removing a
growth substrate (5112), and a step of singulating (S113),
which are performed in this order. Further, the step of
forming a semiconductor stacked-layer body (5101) to the
step of forming the pad electrode (S106) are included 1n a
step of providing a water, in which the light emitting
clements 1 1n a waler state 1s provided, and the step of
forming a light-reflecting electrode (S102) and the step of
forming the cover electrode (8103) are included 1n a step of

forming a full-surface electrode.
In the following, with reference to FIG. 10A to FIG. 16

(and to FIG. 1A to FIG. 7 and FIG. 9 as appropriate), each
step will be described 1n detail. In FIG. 10A to FIG. 16, the
shape, size, and positional relationship of the constituent
clements may be simplified or exaggerated as appropriate.
Further, 1n the steps of manufacturing the light emitting
device 100 1n water unit, the steps are performed 1n the state
where a number of light emitting elements are aligned
two-dimensionally. In FIG. 10A to FIG. 16, the cross-
sectional views respectively show a single light emitting
clement and the plan views respectively show two light
emitting elements directly adjacent to each other along the
longitudinal side, among the arrays of a number of the light
emitting elements. The cross-sectional views shown 1n FIG.
10A to FIG. 16 respectively correspond to the cross section
taken along line I-1 i FIG. 1B, similarly to the cross-
sectional view of FIG. 4.

In the method of manufacturing the light emitting device
according to an embodiment of the present invention, first,
the step of providing a waler 1s performed, 1n which a
plurality of light emitting elements 1 are arrayed on a single
growth substrate 11. As described above, the step of pro-
viding the wafter may include the step of forming the
semiconductor stacked-layer body (S101), the step of form-
ing the light-retlecting electrode (S102), the step of forming
the cover electrode (S103), the step of exposing the n-type
semiconductor layer (S104), the step of forming the insu-
lating film (S1035), and the step of forming the pad electrode
(5106).

First, in the step of forming the semiconductor stacked-
layer body (5101), as shown 1 FIG. 10A, on the upper
surface of the growth substrate 11 made of sapphire or the
like, a semiconductor stacked-layer body 12 1s formed by
successively stacking the n-type semiconductor layer 12z,
the active layer 12a, and the p-type semiconductor layer
12p, respectively using the semiconductor materials
described above.

Next, 1n the step of forming the light-reflecting electrode
(5102), as shown 1n FIG. 10B, the light-reflecting electrode
14a 1s formed at a predetermined region. The light-reflecting
clectrode 14a can be formed by using a lift-ofl method. That
1s, with the use of a photolithography, a resist pattern that
defines openings corresponding to the regions for arranging
the light-reflecting electrodes 14a 1s formed; then, a film of
a metal material such as Ag which has good light reflectivity
as described above, 1s disposed by using a sputtering method
or a vapor deposition method on the entire upper surface of
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the water. With the removal of the resist pattern, the film of
the metal material 1s patterned to form the light-reflecting
clectrode 14a.

Next, 1n the step of forming the cover electrode (S103), as
shown 1n FIG. 10C, the cover electrode 1454 1s formed so as
to cover the upper and side surfaces of the light-reflecting
clectrode 14a. The cover electrode 145 1s formed such that
a film of a metal matenal 1s formed over the entire upper
surface of the water by sputtering or deposition using a
predetermined metal material, then, using a photolithogra-
phy method, a resist pattern 1s formed to cover the area for
arranging the cover electrode 14b. Then, etching 1s per-
tformed with the use of the resist pattern as a mask to pattern
the film of the metal material. Then, the resist pattern 1s
removed to obtain the cover electrode 145.

Next, 1n the step of exposing the n-type semiconductor
layer (S104), as shown 1 FIG. 10D, 1n a portion of the
semiconductor stacked-layer body 12, the p-type semicon-
ductor layer 12p, the active layer 12a, and a portion of the
n-type semiconductor layer 12z are removed by using a dry
ctching method. Thus, the step differences 1256 and the step
difference 12¢ where the n-type semiconductor layer 127 1s
exposed at the respective bottom surfaces are formed. In the
example shown in FIG. 10D, the full-surface electrode 14 1s
used as an etching mask, so that the entire region having the
p-type semiconductor layer 12p and the active layer 12a 1s
coated by the full-surface electrode 14.

Next, in the step of forming the insulating film (5105), as
shown 1in FIG. 10E, the insulating film 16 defining the
openings 167 and the openings 16p at portions of the step
differences 126 and portions of the upper surfaces of the
cover electrode 146 1s formed using a predetermined 1nsu-
lating material. Further, the msulating film 16 1s formed to
define openings also at portions of the bottom surfaces of the
step differences 12¢ along the boundary lines, respectively
40. The bottom surface of each of the step diflerences 12¢
may be entirely coated by the insulating film 16 without
creating any openings. Further, the msulating film 16 can be
patterned such that, after a film of the msulating material 1s
formed over the entire upper surtace of the wafer by
sputtering or the like, a resist pattern with openings at
predetermined regions corresponding to the openmings 16#
and 16p and the like 1s formed, and etching 1s performed on
the film of the insulating material.

Next, 1 the step of forming the pad electrode (8106), as
shown 1n FIGS. 11A and 11B, a metal layer 50 1s formed on
the insulating film 16 by using a sputtering method, for
example The metal layer 50 can be patterned by using a
lift-ofl method, for example. The metal layer 50 1s to be the
n-side electrode 13 and the p-side electrodes 15 which are
the pad electrodes of the light emitting element 1. Accord-
ingly, the metal layer 50 1s connected to the n-type semi-
conductor layer 127 1n the openings 16» of the insulating
film 16 disposed at the region for the n-side electrode 13
(regions shown by right down hatching in FIGS. 11A and
11B). Further, the metal layer 50 1s connected to the cover
clectrode 145 1n the openings 16p of the msulating film 16
disposed at the region for the p-side electrode 15 (regions
shown by right up hatching 1n FIGS. 11A and 11B).

The metal layer 50 1s formed with separate portions in the
region of each of the light emitting elements 1 demarcated
by the boundary lines 40 so that the region to be the n-side
clectrode 13 and the region to be the p-side electrode 135 do
not contact with each other. However, the metal layer 350 1s
formed to be connected to all the light emitting elements 1
that are formed in the arrays on the water, such that an
extending portion 50a of the metal layer 50 extended from

10

15

20

25

30

35

40

45

50

55

60

65

16

the metal layer 50 to be the p-electrode 135 of a light emitting
clement 1 along the boundary line 40 (around the center at
the top side in the longitudinal direction 1 FIG. 11A) 1s
connected to the metal layer 50 to be the n-side electrode 13
of the adjacent light emitting element 1. The metal layer 50
1s used as the seed layer serving as the current path at the
time of forming the metal layers 31z and 31p by using an
clectroplating method 1n the step of forming a metal layer
(5109). In the present embodiment, the metal layer 50 to be
the n-side electrode 13 and the p-side electrode 15 to be the
pad electrode 1s formed to also serve as the seed layer for
clectroplating, which allows for simplifying the manufac-
turing.

Next, in the step of forming the mask (5S107), as shown 1n
FIGS. 12A and 12B, a mask 33 that covers the metal layer
50 formed at the step differences 12¢ that are the regions
along the boundary lines 40 1s formed. The mask 33 may be
formed using an insulating material such as a photoresist or
S10,. The mask 33 1s an insulating mask for preventing
plating on the step differences 12¢ that are the boundary
regions 1n the step of forming the metal layer (S109) that 1s
to be performed. The mask 33 1s made of a material different
from that of the resin member 21, so as to be selectively
removed 1n the step of removing the (5110) while leaving
the resin member 21. Further, the mask 33 1s preferably
formed lower than the upper surface of the resin member 21
(see FIG. 13A) formed in the step of forming the resin
member (S108) to be performed next, and wider than the
openings 21a of the resin member 21 (see FIG. 13B). Thus,
the step diflerences 215 (see FIG. 14B) can be formed at the
side surfaces of the resin member 21.

Next, 1n the step of forming the resin member (5108), as
shown 1n FIG. 13B, the resin member 21 1s formed on the
metal layer 50 by using a photolithography method. The
resin member 21 defines the opemings 217 on the region to
be the n-side electrode 13 of the metal layer 50 and the
openings 21p on the region to be the p-side electrode 15 of
the metal layer 50. Further, the resin member 21 defines the
openings 21a on the regions along the boundary lines 40, so
that the resin member 21 1s formed for each region of the
light emitting element 1, and separated for each of the light
emitting elements 1. Further, the openings 21a are prefer-
ably defined to be narrower than the mask 33.

The step of forming the resin member 21 which uses a
photolithography method may include sub-steps. First, as
shown 1n FIG. 13A, a photoresist 1n a liquid form 1s evenly
applied on the water by using a coating method such as spin
coating or spraying (a step of coating). At this time, corre-
sponding to the shape of the step differences 1256 of the
semiconductor stacked-layer body 12, concave depressions
that become the recesses 21 ¢ are created at the upper surface
of the coating film at the regions above the step diflerences
125. By heating and drying (a step of curing) the coating film
of the photoresist while maintaining the shapes of the
concave depressions, the recesses 21c¢ are defined in the
upper surface of the resin member 21. Further, a step of
exposing and developing 1s performed following the step of
coating and the step of curing, thus, the openings 217, 21p,
and 21a are formed as shown 1n FIG. 13B.

In this step, 1n order to form the recesses 21¢, the viscosity
of the liquid photoresist 1s adjusted according to the shape
(width, depth) of the step diflerences 125, the thickness of
the resin member 21, and the time required for heat-drying
to cure the coating film. The recesses are also created 1n the
upper surfaces of the coating film of the resin 1n the regions
above the step differences 12¢ of the semiconductor stacked-
layer body 12, respectively. In the step of forming the mask




US 9,893,238 B2

17

(S107), by forming the mask 33 at the step diflerences 12¢
with a height approximately same as the height of the upper
surface of the metal layer 50 1n the region where the cover
clectrode 145 1s arranged—that 1s, by forming the mask 33
so as to substantially fill the step differences 12¢c—the upper
surface of the resin coating film can be made approximately
flat over the step differences 12c¢.

Next, 1n the step of forming the metal layer (8109), as
shown 1n FIG. 14A, the metal layers 31» and 31p are formed
in the openings 21z and 21p of the resin member 21 by using
an electroplating method. As described above, the metal
layers 31» and 31p are grown by plating in the openings 21
and 21p of the resin member 21 using the metal layer 50,
which 1s formed to be conductive as a whole, as the seed
layer which serve as the current path of electroplating.
Further, in the step of forming the metal layer (5S109), the
resin members 21 respectively define the openings 21a in
the step differences 12¢ (see FIG. 14B) which are the regions
along the boundary lines 40, but the metal layer 50 1is
covered with the mask 33, so that the openings 21a are not
subjected to the plating growth. Accordingly, a thick plating
layer 1s not formed at the boundary regions, so that unnec-
essary portions of the metal layer 30 can be easily removed
in the step of separating pad electrode (S111) which to be
executed 1n a later step.

In the example shown i FIG. 14A, the metal layers 31#
and 31p are formed such that the upper portion of each of
them are projected from the upper surface of the resin
member 21, and such that the projecting upper portion
extends to the outside of the openings 21z and 21p of the
resin member 21 1n a plan view. This 1s because at the time
of plating growth, the metal layers 31z and 31p grow also 1n
a lateral direction from the side surfaces of the upper portion
which 1s projecting from the upper surface of the resin
member 21.

Further, 1n the case where the area of the openings 21
and 21p 1s small, the upper surface of the upper portion of
cach of the metal layers 31z and 31p which are projecting
from the resin member 21 may be rounded. In order to
turther planarize the upper surface of the metal layers 31
and 31p, the upper surface of the metal layers 317 and 31p
may be planarized by grinding or polishing after electro-
plating.

Next, 1n the step of removing the mask (S110), as shown
in FIG. 14B, the mask 33 i1s removed with the use of any
appropriate solvent or agent. Thus, the metal layer 50
tormed 1n the regions along the boundary lines 40 1s exposed
at the bottom surface of the openings 21a of the resin
member 21. Further, by removing the mask 33, the step
difference 215 1s formed at the lower side surfaces of the
resin member 21.

Next, 1n the step of separating the pad electrode (step of
separating electrode) (S111), as shown in FIGS. 15A and
15B, the metal layer 50 exposed at the bottom surface of the
openings 21a of the resin member 21 1s removed by etching.
Thus, the metal layer 50 1s divided for each light emitting
device 100. Also, 1n each light emitting device 100, the
metal layer 50 1s separated into the region to be the n-side
clectrode 13 and the region to be the p-side electrode 15.

At the time of etching the metal layer 50, a mask may be
disposed on the upper surface of each of the metal layers 31
and 31p to prevent the metal layers 317 and 31p from being
ctched. Further, 1in the case where the metal layers 31z and
31p respectively have a thickness that 1s suili

iciently greater
than the thickness of the metal layer 50, the metal layer 50
may be etched without providing the mask on the upper
surface of each of the metal layers 31» and 31p, permitting
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a reduction 1n the thickness of the metal layers 31z and 31p
by approximately the thickness of the metal layer 50.

Next, 1n the step of removing the growth substrate (S112),
as shown 1 in FIG. 16, the growth substrate 11 1s removed by
pecling ofl by using a laser lift-off (LLO) method or a
chemical lift-ofl method. The step of removing the growth
substrate (S112) 1s not an essential step, and the growth
substrate 11 may not be removed. Further, in place of
peeling ofl the growth substrate 11, the lower surface side of
the growth substrate 11 may be polished to reduce the
thickness. Further, after the growth substrate 11 has been
peeled off, the lower surface of the semiconductor stacked-
layer body 12 may be wet-etched to form recesses-projec-
tions shape. Still turther, after the growth substrate 11 has
been peeled ofl, or without peeling the growth substrate 11
oll, a phosphor layer that contains a phosphor for converting
the wavelength of light emaitted by the light emitting element
1 may be disposed on the lower surface side which serves as
the light extraction surface of the light emitting device 100.

Next, 1n the step of singulating (S113), the light emitting
device 100 1s singulated by cutting the waler along the
boundary lines 40 shown 1n FIG. 16, with the use of a dicing
method, a scribing method, or the like. The side surfaces that
become the outer edges of the semiconductor stacked-layer
body 12 that 1s formed by singulating 1s, as shown 1n FIG.
2A to FIG. 4, exposed without covered with the insulating
film 16 and the resin member 21. The resin member 21 1s
formed with openings along the boundary lines 40, so that
the resin member 21 1s separated for each light emitting
device 100, thus, singulating can be ecasily performed by
simply cutting the semiconductor stacked-layer body 12.

Variation of Light Emitting Device

Next, with reference to FIGS. 17A and 17B, a light
emitting device according to a variation of an embodiment
of the present invention will be described. The plan view of
the light emitting device 100A 1s similar to the plan view of
the light emitting device 100 shown 1n FIG. 1B. As shown
in FIGS. 17A and 17B, the light emlttmg device 100A
according to the present vanation 1s different in that 1t
includes a support body 2A 1n place of the support body 2
of the light emitting device 100 shown in FIG. 1A and
others. More specifically, in the metal layers 31z and 31p of
the support body 2, the upper surfaces of the upper portions
projecting from the resin member 21 are flat surfaces, while
in the metal layers 31An and 31Ap of the support body 2A,
the upper surfaces of the upper portions have an upwardly
curving convex shape, that 1s, a dome shape. Other struc-
tures are similar to those of the light emitting device 100
and, therefore, i1dentical reference numerals are allotted
thereto and the description thereof will not be given.

The upper surface of each of the metal layers 31 An and
31Ap has a dome-shape. Accordingly, at the time of mount-
ing the light emitting device 100A by using a bonding
member such as a solder, due to the dome-shape of the upper
surfaces of the metal layers 31An and 31Ap, the bonding
starts at the apex of the dome-shape and proceeds with the
upper portion of each of the metal layers 31 An and 31Ap
c1gg1ng into the bonding member. Thus, the light emitting
device 100A 1s mounted. In this manner, in the light emitting
device 100A, the flowability of the bonding member can be
controlled to suppress the bonding defects due to occurrence
of a void or the like. Accordingly, the bonding strength, the
heat releasing property and the like of the light emitting
device 100A can be improved.

Further, 1n the case where an anisotropic conductive
material such as an anisotropic conductive paste (ACP) or an
anisotropic conductive film (ACF) 1s used as the bonding
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member, the upper surface of each of the metal layers 31 An
and 31Ap 1s formed 1n a dome-shape so that the apex of the
dome-shape becomes a contact point. Accordingly, secure
bonding with a smaller load on the light emitting device
100A can be achieved. As a result, the load on the light
emitting device 100A at the time of mounting can be
reduced.

Further, the light emitting device 100A can be manufac-
tured 1n a similar manner as the method of manufacturing the
light emitting device 100 described above. That 1s, the metal
layers 31 An and 31Ap can be formed by electroplating 1n a
similar manner as 1n the metal layers 312 and 31p 1n the step
of forming the metal layer (S109) (see FIG. 9 and FI1G. 14A).
In electroplating, metal 1sotropically grows from the plating
growth end. Accordingly, above the upper end surface of the
openings 21» and 21p (see FIG. 13B) of the resin member
21, plating growth of the metal also proceeds 1n the lateral
direction 1n addition to the upward direction. Accordingly, as
shown 1n FIG. 17A, the upper portion of each of the metal
layers 31 An and 31Ap 1s formed 1n a dome-shape. Further,
as shown 1n FIG. 17B, the upper portion of each of the metal
layers 31 An and 31Ap has a semicircular or rounded shape
in a cross-sectional view taken along a plane perpendicular
to the extension direction of the ridge line of an approxi-
mately C-shape 1n a plan view. In particular, the narrower the
openings 21z and 21p with respect to the thickness of the
upper portions projecting from the upper surface of the resin
member 21, the more the center portions of the upper
portions of the metal layers 31An and 31Ap project, result-
ing 1n an approximately a semicircular shape 1n a cross-
sectional view. Other steps are similar to those 1n the method
of manufacturing the light emitting device 100, the descrip-
tion thereotf will be appropnately omatted.

The light emitting device of the present disclosure and the
method of manufacturing the same have been specifically
described based on an example of a mode for carrying out
the mvention, the aspects of the present invention are not
limited to the description thereof, and should be broadly
construed based on the scope of claims. Further, it goes
without saying that various changes and modifications made
based on the description are also included 1n the gist of the
present invention.

What 1s claimed 1s:

1. A light emitting device comprising:

an n-type semiconductor layer;

a p-type semiconductor layer located above the n-type
semiconductor layer;

a step diflerence that extends through the p-type semi-
conductor layer, wherein the n-type semiconductor
layer 1s exposed from the p-type semiconductor layer 1in
the step difference;
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an n-side metal layer electrically connected to the n-type
semiconductor layer via the step diflerence; and

wherein, 1n a plan view, the n-side metal layer 1s located
outside an outer periphery of the step difference and
surrounds at least part of the step diflerence.

2. The light emitting device of claim 1, wherein the n-side
metal layer 1s located above the p-type semiconductor layer.

3. The light emitting device of claim 1, further comprising
an n-electrode that extends through the step difference and
clectrically connects the n-side metal layer to the n-type
semiconductor layer.

4. The light emitting device of claim 3, further comprising
an msulating film that covers a lateral surface of the step
difference, wherein the n-electrode covers the insulating

film.

5. The light emitting device of claim 4, wherein the
insulating film 1s made of at least two stacked layers
comprising dielectrics that differ 1n 1index of refraction.

6. The light emitting device of claim 3, further comprising
a resin member that covers at least an upper surface of the
n-electrode and a lateral surface of the n-side metal layer,
wherein an upper surface of the n-side metal layer 1s exposed
from the resin member.

7. The light emitting device of claim 6, wherein an upper
portion of the n-side metal layer extends past an upper
surface of the resin member.

8. The light emitting device of claim 7, wherein a differ-
ence 1n height between the upper surface of the n-side metal
layer and the upper surface of the resin member 1s 1n a range
of 5 um to 50 um.

9. The light emitting device of claim 6, wherein the resin
member comprises a photosensitive material.

10. The light emitting device according to claim 6,
wherein the resin member has a thickness 1n a range of 30
um to 50 um.

11. The light emitting device of claim 1, wherein an upper
surface of the n-side metal layer 1s configured as a mounting,
surface for external connection.

12. The light emitting device of claim 1, wherein the
n-side metal layer has an approximately C-shape 1n a plan
VIEW.

13. The light emitting device of claim 1, wherein the
n-side metal layer has an approximately U-shape 1n a plan
VIEW.

14. The light emitting device according to claim 1,
wherein an upper surface of the n-side metal layer has an
upwardly curved convex shape.
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